This article provides a summary of current information on rational postoperative use of the nasogastric tube, based on a review of literature related to postoperative gastrointestinal discomfort and management with the nasogastric tube. Routine gastric decompression after major surgery neither hastens the return of bowel function nor diminishes the incidence of postoperative nausea and vomiting. The multimodal postoperative rehabilitation programme is a modern and more efficient approach. Omission of nasogastric tube decompression does not increase the incidence of anastomotic leakage or wound dehiscence. Conversely, early enteral feeding is feasible and safe, favours local immunity and gut integrity, and improves nutritional status. With the objective to feeding, nasogastric tube could be used in selected patients. To conclude, use of the nasogastric tube to prevent or limit postoperative gastrointestinal discomfort must be challenged. In contrast to gastric decompression, early gastric feeding must be considered within the new concept of fast track surgery.
Introduction
Since the 1930s routine use of the nasogastric tube to achieve postoperative gastric decompression has enjoyed widespread acceptance, and for decades patients' complaints were not taken into consideration by anaesthesiologists and surgeons. This strong consensus was based on a traditionally held view, namely that postoperative ileus (POI) should be reduced by nasogastric decompression, although the different specialities had their own reasons to endorse this approach. Anaesthesiologists were mainly concerned with postoperative nausea and vomiting (PONV), whereas surgeons were concerned with preventing wound dehiscence, incisional hernia and anastomotic leakage. It is possible that we have forgotten that the history of the tube began as early as 1790, when it was used to feed and not to decompress, and we must reconsider the role of the nasogastric tube during the postoperative period.
Postoperative gastrointestinal discomfort
Postoperative gastrointestinal discomfort is not new. The earliest written records described an unchanging physiological response following any type of surgery, with greater severity after laparotomy. Clinically, there are three typical consequences of surgery, namely dilatation of the stomach, ileus and PONV.
Dilatation of the stomach is related to the common postoperative increase in swallowing [1] . Air carried into the stomach with each swallow induces gastric discomfort, and when present in great quantities the air passes into the intestine, resulting in abdominal distension. The greatest incidences were found in patients who had undergone surgery to the biliary tract or uterus and adnexa. In the majority of the cases, distension was apparent after 24 hours and the usual duration was 48 to 72 hours [2] . Decompression relieves gastric discomfort, but the irritating presence of the tube promotes swallowing. In any case, these physio-logical events must be distinguished from acute gastric dilatation and acute colonic pseudo-obstruction, which are responsible for major abdominal distension in very specific circumstances.
In reality, common postoperative gastrointestinal discomfort results predominantly from ileus, and nausea and vomiting. Wells and coworkers [3] stated that, 'After any abdominal operation it is usual for intestinal movements to cease for a time and then to return gradually. This POI usually lasts for up to 48 hours, its duration being related to the amount of intestinal handling at the operation. This period of inactivity of the intestine is presumed to be the response of the intestine to the various surgical manipulations. It is easily recognised clinically because the abdomen is silent when auscultated but is not induly distended.' This assertion, from 1964, has not been challenged since. It became dogma, with universal agreement that ileus should be countered by some form of gastrointestinal suctioning. All patients who underwent surgery of the gastrointestinal tract underwent placement of a nasogastric tube, with various criteria for removal such as normal bowel sounds heard by the surgeon or passage of flatus or stool. Its perceived importance in earlier years was well expressed by WJ Mayo: 'Would rather have a resident with a nasogastric tube in his pocket than a stethoscope.' In this context, gastric decompression was also recommended for the prevention of incisional hernia, wound dehiscence and anastomotic leak. This practice was extended to several other types of surgery, abdominal or otherwise, as secondary indications.
The medical impact of PONV is minor but it clearly is to the detriment of patient comfort. Surgical patients who experienced PONV were willing to pay up to US$100 for a completely effective antiemetic [4] . For the past 40 years, the incidence of PONV has remained constant, involving 20% to 30% of surgical patients. The incidence of nausea is nearly 20% in the postanaesthetic care unit and is over 50% after 24 hours, with corresponding numbers for vomiting being 5% and 25%, respectively. Nausea, retching and vomiting are often analyzed simultaneously and traditionally are related to delayed gastric emptying; however, they are distinct phenomena. In this context, nasogastric decompression was believed to be a logical alternative to prokinetic agents.
Routine nasogastric decompression: an inappropriate measure
Common postoperative ileus is basically a colonic phenomenon Several animal models have been established to investigate mechanisms of ileus, and the descriptions are consistent [5] [6] [7] [8] . Stomach emptying is impaired for about 24 hours after laparotomy. In contrast, the motility and the capacity of absorption of the small intestine is normal within a few hours after surgery. The small bowel, although mobile, contains little fluid or gas and therefore does not generate bowel sounds until the stomach resumes activity after 24 hours, pushing swallowed air and fluid into the gut. Any gas that reaches the small intestine is rapidly passed on into the caecum. However, the colon remains inert for a long time, with differences in times needed for return of activity in caecum (48 hours) and sigmoid colon (72 hours), with the passage of flatus or stool as a marker. Evidently, the profound change in colon motility is a major feature of the postoperative abdomen. It results from differences between the mobility of the ileum and the inertia of the rectosigmoid [9] . The autonomic nervous system undoubtedly plays an important role in POI, with perioperative stimuli inducing an increase in tonic inhibitory sympathetic control, as indicated by the inhibition of bowel function that occurs following surgery not involving the peritoneum. For instance, hip surgery is frequently associated with severe ileus [7] .
Postoperative paralytic ileus is a consequence of local factors Occasionally, ileus is prolonged for days or weeks and is described as postoperative paralytic ileus. The distinction between common POI and postoperative paralytic ileus is important because these phenomena probably result from different pathogenic mechanisms (Figure 1) . Indeed, postoperative paralytic ileus affects all segments of the bowel and probably is the consequence of further inhibition of the local intrinsic contractile system. Resulting from bowel manipulation, hypoxia, endotoxin, or hypoperfusion, gut mucosal injury is the initial step inducing local release of nonadrenergic, noncholinergic inhibitory neurotransmitters such as nitric oxide, vasoactive intestinal peptide, substance P, calcitonin generelated peptide and prostanoids. Accordingly, a panel of responses may be observed, related to the duration and type of surgery and the degree of injury to the gut mucosa.
As a consequence, minimally invasive surgery could reduce the inflammatory response. In this regard, open and laparoscopic procedures have been compared. Most studies included benign gynaecological disorders or cholecystolithiasis, and a significantly more rapid resolution of ileus was reported with laparoscopic procedures. In a recent meta-analysis involving 6477 children undergoing appendicectomy [10] , ileus was significantly reduced with laparoscopic compared with open procedures. However, these findings must be interpreted with caution because laparoscopic procedures are frequently viewed as benign by surgeons and patients, and perioperative management may be simplified as a consequence [11] . In a recent randomized trial [12] , laparoscopic colectomy was associated with a shorter delay to first postoperative bowel movement but concurrently with decreased need for opioid analgesics at days 2 and 3. There is a lack of strong, unbiased evidence from human studies, which has stimulated interest in animal models. In a canine model, Davies and coworkers [13] compared three procedures: open colectomy, total laparoscopic and laparoscopically assisted colectomy. They demonstrated a significantly earlier return of gastrointestinal function with a total laparoscopic procedure, but these beneficial effects were not observed with laparoscopically assisted colectomy.
Few studies have investigated the gastrointestinal impact of strategies to protect gut blood flow. Gan and colleagues [14] compared two modes of intraoperative fluid administration in patients undergoing major elective general urological or gynaecological surgery. Continuous intraoperative Dopplerbased estimation of ventricular preload to optimize fluid replacement allowed a 48-hour improvement in resolution of ileus.
Pain and opioids increase the duration of ileus. The major gastrointestinal impact of opioids is related to the µ 2 receptors that are present in the presynaptic nerve terminals of the myenteric plexus. Both endogenous opioid peptides and exogenously administered opioid analgesics affect a variety of gastrointestinal functions associated with motility, secretion and visceral pain. Hence, achieving a balance between pain control and abdominal discomfort is a challenge in patients undergoing major surgery. Minimal use of opioid analgesics is recommended, and epidural infusion of a local anaesthetic has been advocated [15] . Epidural analgesia blocks pain transmission through afferent nerve fibres, reducing the need for postoperative opioids; it also inhibits the sympathetic efferent nerves in the thoracolumbar region, increasing gastrointestinal blood flow [16] . Furthermore, efferent parasympathetic tone in the sacral region remains unopposed, promoting gastrointestinal motility. Epidural infusion of local anaesthetics has proved to be more efficient than systemic or epidural opioid analgesia with regard to postoperative recovery of colonic function. Accordingly, a recent meta-analysis including a total of 406 patients [17] found a 44-hour reduction in time to first passage of stool in the group receiving local anaesthesia. Middle thoracic epidural blockade is more consistently effective than a low thoracic or lumbar level one [15] . Moreover, as a pain relief regimen, the combination of epidural local anaesthetic and opioid is not superior to local anaesthetic alone [18] .
With the recent development of selective inhibition of gastrointestinal opioid receptors, a simple and appealing approach that is free from the technical demands of thoracic epidural infusion has emerged. Potent oral, peripherally acting antagonists of gastrointestinal opioid receptors are poorly absorbed following oral administration. In an exploratory trial, Taguchi and coworkers [19] found a significantly accelerated recovery of bowel function, without compromised control of analgesia, in patients who underwent partial colectomy or total abdominal hysterectomy. These data were partially confirmed by a recent phase III trial [20] , but a number of questions were raised. The time to gastrointestinal recovery was significantly accelerated only for those patients who underwent bowel resection or radical hysterectomy. Furthermore, a clear dose response is not well established, and other studies are needed before widespread use under various postoperative circumstances can be advocated. Anastomotic leakage after visceral surgery is one of the most important and feared complications. The incidence is 3% to 12%, and it is responsible for 30% of deaths following Available online http://ccforum.com/content/11/1/201
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Mechanisms of postoperative gastrointestinal discomfort. colorectal surgery. As for incisional hernia, tension was believed to be a risk factor, but no link has been demonstrated and proximal decompression does not protect against anastomotic disruption but only ameliorates its consequences [25] . Reported aetiologic factors in anastomotic failure include male sex, obesity, previous radiotherapy, emergency procedure, low anastomosis, pelvic drainage and transfusion. New concepts in the field of gastrointestinal healing are currently being investigated. In a prospective study involving patients with colorectal anastomosis, the collagen I/III ratio and matrix metalloproteinase profiles of colonic tissues were significantly different between patients suffering anastomotic dehiscence and those with no complications [26] . These data suggest that disturbance in the extracellular matrix may play a role in the pathogenesis of anastomotic leakage.
Postoperative nausea and vomiting are consequences of individual factors
PONV and POI are distinct components of the pathophysiological response to surgery. Regrettably, these entities have been combined in studies conducted during recent decades.
It is still poorly understood why some patients vomit after surgery and others do not. However, it is well known that individual factors as older age, female sex, being a nonsmoker, and history of PONV or motion sickness increase the likelihood of PONV. Moreover, exogenous factors such as omitting nitrous oxide, propofol administration, perioperative use of supplemental oxygen, good intravenous hydration, reduction in opioid use and neostigmine have been reported to decrease the incidence of PONV [27, 28] . The duration and type of surgery are other risk factors, but their impact is less marked. The individual risk factor approach has led to formulation of risk scores and made preventative approaches more efficient [29] [30] [31] [32] .
Impact of routine gastric decompression
Controversy concerning routine postoperative gastric suction emerged as early as 1960 [33] . The suggested beneficial effects were in opposition to the various complications of the nasogastric tube, some of which were even suspected of promoting ileus. The catalogue of possible complications is impressive but not as disturbing as the discomfort it causes to patients [34] . Most complications are related to nasopharyngeal insertion. Irritative rhinitis and pharyngitis are uncomfortable and distressing to the patient [35] . As mentioned above, the simple presence of a nasogastric tube causes significant changes in swallowing behaviour, with concomitant increase in gastric dilatation. A systematic review of 20 clinical studies focusing on routine gastric suction after elective laparotomy [36] demonstrated that routinely decompressed patients suffered more pulmonary complications. In a recent study [37] multivariate analysis revealed that perioperative use of a nasogastric tube was the major risk factor (odds ratio 7.7) for postoperative pulmonary complications.
In the absence of gastric decompression there is a moderate increase in vomiting. However, it is important to note that routine nasogastric decompression does not prevent vomiting in 10% of patients, and it does not preclude the need for tube replacement once it has been removed. In fact, for each patient not routinely decompressed who subsequently requires tube placement for nausea, vomiting, or abdominal distension, at least 20 patients can be managed without the tube [36] . A recent systematic review of prophylactic nasogastric decompression after abdominal operations [38] did not support a beneficial effect of the tube on various aspects of gastric upset during the postoperative period, but it identified more discomfort with routine use of the tube. However, the great heterogeneity of studies does not allow a summary statistic to be calculated. Hence, the hypothesis that gastric decompression during and after surgery will reduce the incidence of vomiting continues to be tested. In a recent study conducted in patients undergoing cardiac surgery with a high PONV score [39] , perioperative use of the nasogastric tube did not influence the incidence of nausea, vomiting, or retching.
Nasogastric suction does not interfere with the mechanisms underlying ileus. In a recent meta-analysis [38] , which included abdominal operations of any type, emergency or elective, prophylactic nasogastric decompression clearly did not hasten return of bowel function. On the contrary, a significantly earlier return of bowel functionas determined by the time to flatus -was observed without use of the tube.
Clearly, avoidance of nasogastric decompression following elective colorectal surgery does not affect the incidence of anastomotic leakage or incisional hernia. In a prospective study, Cunningham and coworkers [40] randomized 102 patients undergoing small or large bowel anastomosis to either routine nasogastric decompression or no tube. No significant differences in intestinal outcome were observed. Finally, the two meta-analyses conducted during two distinct trial periods [36, 38] clearly indicated that prophylactic use of nasogastric decompression offers patients no benefit that would offset the discomfort and potential morbidity associated with its use (Figure 2 ). In all of the studies, at most 10% of patients who were not routinely decompressed required insertion of a nasogastric tube postoperatively. Thus, 90% of patients would have been needlessly decompressed if routine decompression had been used.
Feeding or gastric decompression
In contrast to gastric decompression, early feeding has a favourable effect on major outcomes [42] [43] [44] [45] . Although there is a significantly higher incidence of gastric or abdominal distension, and nausea or vomiting, this is not associated with any untoward outcome [46] . However, feeding induces earlier resolution of ileus [47, 48] . Moreover, with early eating, the gastrointestinal tract gains advantages from saliva and gastrointestinal secretions, which possess a multiplicity of healing and antibacterial defence systems. The acidity of the stomach prevents colonization of Gram-negative bacilli and biliary secretions preserve balanced intestinal microflora. Enteral nutrition has proved to protect against postoperative sepsis by supporting mucosal immunity and to modulate the progression from gut ischaemia to systemic inflammatory response syndrome. Studies of animals exposed to brief episodes of mesenteric ischaemia and reperfusion have found that enteral feeding, as compared with parenteral nutrition, reduced mortality rate, abnormal gastric motility and organ permeability. Early oral nutrition reduces catabolism and loss of lean body mass, and enhances visceral blood supply to preserve the integrity of gut structure; hence, the fear of anastomotic dehiscence with early oral nutrition is not rational. In a systematic review of controlled trials, Lewis and coworkers [42] reported a trend toward a reduction in anastomotic dehiscence and wound infection with early feeding.
The standard postoperative nutritional intervention consists of a gradual reintroduction of an oral diet, as tolerated. This sometimes results in several days of insufficient nutrient intake and prolonged use of intravenous infusion. Many perioperative circumstances may widen the gap between requirements and intake. In a broad spectrum of surgical patients, there is no absolute gastrointestinal failure but the oral route is not an option. Typically, the problem emerges in surgical patients who require a few days to wean from mechanical ventilation. The nasogastric tube used intraoperatively is not removed in either the operating room or in the postanaesthesia care unit. In these common circumstances, it is judicious to switch gastric tube to feeding tube, preventing hasty introduction of parenteral nutrition. The nasogastric tube may be a convenient and flexible method to supply energy and pharmacologic treatments, and consequently to allow the withdrawal of central venous catheters. In most patients, careful and gradual increase in tube feeding is tolerated rather well. Specific modalities exist to optimize tolerance such as temporarily lowering or discontinuing the infusion (with selective measures of gastric residual volume, prokinetic agents and semirecumbent position). After a few days, comfort may be increased by a soft, small bore tube. Finally, in some biliary procedures, bile collected in a drainage bag can be infused with the diet in the stomach, inducing a decrease in inflammatory status. Much work challenges the generally held view that gastric delivery of nutriments will The balance between the benefits and detrimental effects of nasogastric tube. PONV, postoperative nausea and vomiting.
cause stimulation of biliary and pancreatic secretions, with adverse consequences when acute pancreatitis occurs or proximal anastomosis is present [49] .
Fast track surgery: the physiological response to gastrointestinal discomfort
In recent years the approach to postoperative gastrointestinal dysfunction has improved substantially [50] . Basse and coworkers [51] demonstrated that actions that support faster return of gastrointestinal function can reverse or reduce complications after abdominal surgery. During the preoperative period, patients receive clear and comprehensive explanations of what may happen during their hospital stay. They are informed about pain and PONV control, surgical procedure, choice of incision, postoperative mobilization and food intake. Preoperative stressful experiences such as bowel preparation or fasting are avoided. The use of preoperative oral carbohydrate loading with free access to fluids until 2 hours before induction of anaesthesia is recommended.
Patients who are at high risk for PONV are identified during the preoperative period and receive prophylactic treatment. Avoidance of opioid is advocated, and epidural infusion of a local anaesthetic is favoured. Within the context of opioidreduced analgesia, patients are encouraged to accept early oral fluids, ideally iso-osmolar or neutral, with the objective of limiting intravenous fluid administration and avoiding positive salt and water balance. Indeed, it has been reported that perioperative over-hydration significantly delays return of gastrointestinal function [52, 53] . Metabolic abnormalities such as hypokalaemia, hypomagnesaemia and hyponatraemia, which can induce ileus, are controlled. Early oral food intake and mobilization are promoted in fast track rehabilitation programmes. These concepts, which improve the costeffectiveness of perioperative care in minor procedures, are logically expected to have large effects on care in major operations and in patients at high risk ( Figure 2 ).
Postoperative nasogastric tube: a plea for judicious use
Not employing a routine nasogastric tube does not mean never using the tube. Some patients with intractable vomiting, mechanical occlusion, or specific upper surgery need placement of a nasogastric tube. In these cases, careful management is mandatory. The size, material and location of tips merit careful daily consideration. Semirecumbent position is optimal. When a gastric tube is used as a route for feeding or administration of medications, silicone rubber is appropriate to reduce patient discomfort.
Conclusion
As a consequence of the lack of studies dealing with the beneficial effects of prophylactic, routine nasogastric decompression, it is difficult to justify continued use of this procedure. We must turn over a new leaf. New approaches exist to reduce postoperative discomfort. Aimed at improving patient comfort, they induce earlier resolution of ileus. There is no justification for avoiding early attempts at enteral nutrition. On the contrary, with regard to modulation of the acute-phase response, enteral nutrition seems useful for resolution of ileus after major surgery. In some patients there is a need to switch the gastric tube to a feeding tube.
